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(54) 5-THIA-OMEGA-SUBSTITUTED PHENYL-PROSTAGLANDIN E DERIVATIVES, PROCESS FOR 
PRODUCING THE SAME AND DRUGS CONTAINING THE SAME AS THE ACTIVE 
INGREDIENT 

(57) 5-Thia-ro-substituted phenyl-prostaglandin E 
derivatives represented by general formula (I) wherein 
each symbol is as defined in the specification. Because 
of being capable of bonding strongly to PEG 2 receptors 
(in particular, the subtype EP 4 ), the compounds repre- 
sented by general formula (I) are expected as useful in 
preventing and/or treating immunologic diseases, 
asthma, bone dysplasia, nerve cell death, lung failure, 
hepatopathy, acute hepatitis, nephritis, renal insuffi- 
ciency, hypertension, myocardial ischemia, systemic 
inflammatory syndrome, ambustion pain, sepsis, hemo- 
phagous syndrome, macrophage activation syndrome, 
Still disease, Kawasaki disease, burn, systemic granu- 
lomatosis, ulcerative colitis, Crohn's disease, hypercy- 
tokinemia at dialysis, multiple organ failure, shock, etc. 
Moreover, these compounds participate in sleep disor- 
ders and platelet aggregation and, therefore, are 
expected as useful in preventing/treating these dis- 
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Field of the Art 
5 [0001] 



©-substituted c 



I'andin E derivatives. 
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Background of the Art 



[0003] Prostaglandin E tebh ■ 

»» io say, it is disclosed that 
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(wherein, R 1 is hydrogen or C1 -1 0 alkyl, 
is R 2 is substituted or unsubstituted C1 -1 0 alkyl or substituted or unsubstituted C5-6 cycloalkyl, 
R 3 and R 4 are, same or differently, hydrogen or protecting group) 

or non-toxic salts thereof when R 1 is hydrogen, possess an activity of inhibition of blood plate aggregation and a 
vasodilating activity, so they are useful as an agent for treatment or prevention of thrombosis and a hypertensive 
agent. 

20 

[0011] In this patent specification, the following co-cyclopentyl-compound is shown in Example 3 as a concrete com- 
pound: 




35 



Disclosure of the Invention 

[0012] The present inventors have studied to find the stable compound which can bind to EP 4 receptor specifically 
40 and which can bind to neither the other EP subtype receptors nor the other prostanoid receptors. 

[0013] From the results, they have found that 5-thiaprostaglandins modified by introducing substituted phenyl into 

co-chain of the said prostaglandins meet these purposes, and then have achieved the present invention. 

[0014] As mentioned later, they have found that the prostaglandin compounds in which 5th carbon atom of a-chain 

of PG skeleton is replaced with sulfur atom and in which phenyl substituted with a particular functional group is intro- 
45 duced into co-chain of PG skeleton can bind to EP 4 strongly, bind to the other prostanoid receptors including the other 

subtype receptors weakly and are stable. And then, they have achieved the present invention. 

[001 5] The present invention relates to 

(1) a 5-thia-co-substituted phenyl-prostaglandin E derivative of the formula (I) 

so 
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or a non-toxic salt thereof, or a cyclodextrin clathrate thereof, 

(2) process for producing it, and 

(3) a pharmaceutical composition comprising it as an active ingredient. 

5 

Detailed explanation of the Invention 

[0016] In the formula (I), C1-4 alkyl represented by R 4 *, R 45 , R 6 , R 7 and R 8 and C1-4 alkyl in R 5 and R 8 means 
methyl, ethyl, propyl, butyl and isomers thereof. 
w [001 7] In the formula (I), C1 -6 alkyl represented by R 1 means methyl, ethyl, propyl, butyl, pentyl, hexyl and isomers 
thereof. 

[0018] In the formula (I), C2-4 alkenyl in R 5 means vinyl, propenyl, butenyl and isomers thereof. 
[0019] In the formula (I), C2-4 alkynyl in R 5 means ethynyl, propynyl, butynyl and isomers thereof. 
[0020] In the formula (I), C3-7 cycloalkyl in R 5 means cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cyclohep- 
15 tyl. 

[0021] In the formula (I), halogen in R 2 and R 5 means fluoride, chloride, bromide and iodide. 
[0022] In the present invention, the symbol -X means single bond or double bond. Further, unless otherwise 
specified, in the present invention, the symbol \ means that the substituent attached thereto is in front of the sheet, 
the symbol \ means that the substituent attached thereto is behind the sheet and the symbol \ or \ means that 
20 there is a mixture of substituents in front of and behind the sheet or that the substituent attached thereto may be in front 
of or behind the sheet as would be clear to the person skilled in the art. 

[0023] Unless otherwise specified, all isomers are included in the present invention. For example, alkyl, alkenyl, 
alkynyl, alkylene group means straight-chain or branched-chain ones. In addition, isomers on double bond, ring, fused 
ring (E-, Z-, cis-, trans-isomer), isomers generated from asymmetric carbon atom(s) (R-, S-, cc -, 0 -isomer, enantiomer, 
25 diastereomer), optically active isomers (D-, L-, d-, l-isomer), polar compounds generated by chromatographic separa- 
tion (more polar compound, less polar compound), equilibrium compounds, mixtures thereof at voluntary ratios and 
racemic mixtures are also included in the present invention. 

[0024] In the formula (I), the substituent(s) of phenyl in R 5 is/are preferably attached at 3-position, 3-position and 4- 
position, or 3-position and 5-position. 
30 [0025] In the formula (I), each group (i) to (iv) as the substituent(s) of phenyl in R 5 means as follows: 

group i) means 1 , 2 or 3 of alkyloxyalkyl etc., 

group ii) means at least one alkyloxyalkyl etc. and at least one alkyl, alkyloxy, hydroxy or halogen, 
group iii) means alkyl substituted with 1 or 2 of halogen or hydroxy and 
35 group iv) means at least one alkyl and at least one hydroxy. 

[0026] Among the compounds of the present invention of the formula (I), the compounds described in the Exam- 
ples, the compounds shown in the following Tables and the corresponding esters and amides are preferable. 

40 
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[Salts] 

[0027] The compounds of the present invention of the formula (I) may be converted into the corresponding salts by 
known methods. Non-toxic and water-soluble salts are preferable. Suitable salts, for example, are as follows: salts of 
alkali metals (potassium, sodium etc.), salts of alkaline earth metals (calcium, magnesium etc.), ammonium salts, salts 
of pharmaceutical^ acceptable organic amines (tetramethylammonium, triethylamine, methylamine, dimethylamine, 
cyclopentylamine, benzylamine, phenethylamine, pipendine, monoethanolamine, diethanolamine, tris(hydroxyme- 
thyl)aminomethane, lysine, arginine, N-methyl-D-glucamine etc.). 

[Cyclodextrin clathrate] 

[0028] The compounds of the present invention of the formula (I) may be converted into the corresponding cyclo- 
dextrin clath rates by the method described in the specification of Japanese Patent Application Kokoku Sho 50-3362, 
52-31 404 or 61 -521 46 using a -, 0- or y -cyclodextrin or a mixture thereof. Converting into the corresponding cyclodex- 
trin clathrates serves to increase the stability and solubility in water of the compounds, and therefore it is useful in the 
use for pharmaceuticals. 

[Process for producing the compounds of the present invention] 
[0029] 

(a) Compounds of the formula (I), wherein R 1 is C1-6 alkyloxy i.e., the compounds of the formula (la) 




(la) 



(wherein, R 1 " 1 is C1-6 alkyloxy and the other symbols are as defined hereinbefore) 
may be prepared from the compounds of the formula (II) 




(id 



(wherein, R 3 " 1 is hydrogen or hydroxy protected by a protecting group which is removed under acidic condi- 
tions, R 10 is a protecting group of hydroxy which is removed under acidic conditions, R 5 " 1 is as defined for R 5 , 
provided that hydroxy group in R 5 " 1 is protected by a protecting group which is removed under acidic condi- 
tions, and the other symbols are as defined hereinbefore) by the reaction for removal of a protecting group 
under acidic conditions. 
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(wherein, all the symbols are as defined hereinbefore) 
5 may be prepared by amidation of the compounds of the formula (lb) 



w 




(ib) 



15 



(wherein, all the symbols are as defined hereinbefore) 

20 

with the compounds of the formula (III) 

HNR 6 R 7 (III) 

25 (wherein, all the symbols are as defined hereinbefore). 

[0030] Amidation may be carried out by known methods. For example, it may be carried, out in an inert organic sol- 
vent (THR methylene chloride, benzene, acetone, acetonitrile or mixture thereof etc.), in the presence or absence of a 
tertiary amine (dimethylaminopyridine, pyridine, triethylamine etc.), using a condensing agent (1 , 3-dicyclohexylcarbo- 
30 diimide (DCC), 1-ethyl-3-[3-(dimethylamino) propyl]carbodiimide (EDC) etc.) at 0-50 °C. 

[0031] The compounds of the formula (III) have been known or may be prepared by known methods easily. 
[0032] The compounds of the formula (II) may be prepared by the following Reaction Schemes 1 - 5. 
[0033] In each Reaction Scheme, the symbols are as defined hereinbefore or are as follows: 



35 t-Bu : t-butyl, 
Et : ethyl, 

Ms : methanesulfonyl, 
DMAP : dimethylaminopyridine, 
n-Bu : normal butyl, 
40 AIBN : 2, 2'-azobisisobutyronitrile, 
Ts : p-toluenesulfonyl, 
R 2 " 1 : halogen, 
Ac : acetyl, 
TMS : trimethyisilyl. 
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Reaction Scheme 2 
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Reaction Scheme 4 
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1) trialkyl hydride silane 

2) (tfCQkO (XVI) 



R*COO 
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Reaction Scheme 5 (continued) 



TMSO 




Removal of 
protecting group 




17 



EP 1 097 922 A1 

starting materials and reagents] 
[0034J 



25 



30 



35 



40 



tuwij Tne reactiQn sqJu yp« (mouse EP 1( EP 2 , EP^ and 

a^ed at a concentration of K 2 b ' nding by me UnW,el " PGE * the 

100431 ^^-constantKi^ofeaCco. „ P nate (pH6.0), mM EDTA, 10mM MgCI 2 , 



Ki = lc so/(i+([cyKd)) 

fM4J 7He results are shown in Table 4. 




18 



EP 1 097 922 A1 



strongly and do not bind to other receptors for PGE 2 . 
[Toxicity] 

[0046] The toxicity of the compounds of the formula (I) of the present invention is very low and therefore, it is con- 
firmed that these compounds are safe for use as medicine. For example, the maximum tolerance dose of the compound 
of Example 1 by i.v. route in rat was 30 mg/kg body weight or more. 

Industrial Application 

[0047] The compounds of the present invention of the formula (I) can bind and show the activity on the PGE 2 recep- 
tor. Particularly, they bind EP 4 subtype receptor strongly, so they are useful for the prevention and/or treatment of immu- 
nological diseases (autoimmune diseases such as amyotrophic lateral sclerosis (ALS), multiple sclerosis, Sjoegren's 
syndrome, chronic rheumarthrosis and systemic lupus erythematosus etc., and rejection after organ transplantation 
etc.), asthma, abnormal bone formation, neuronal cell death, lung failure, liver damage, acute hepatitis, nephritis, renal 
insufficiency, hypertension, myocardiac ischemia, systemic inflammatory response syndrome, ambustion pain, sepsis, 
hemophagous syndrome, macrophage activation syndrome, Still's disease, Kawasaki disease, burn, systemic granulo- 
matosis, ulcerative colitis, Crohn's disease, hypercytokinemia at dialysis, multiple organ failure, and shock etc. Further, 
it is thought that EP 4 subtype receptor relates to sleeping disorder and blood platelet aggregation, so the compounds 
of the present invention are expected to be useful for the prevention and/or treatment of such diseases. 
[0048] The compounds of the present invention of the formula (I) bind weakly to the other subtype receptors and 
do not express other effects, therefore such compounds are expected to be an agent having less side effect. 
[0049] For the purpose above described, the compounds of the formula (I) of the present invention, non-toxic salts 
thereof, or cyclodextrin clathrates thereof may be normally administered systemically or locally, usually by oral or 
parenteral administration (administration into joint or subcutaneous administration etc. is included). 
[0050] The doses to be administered are determined depending upon age, body weight, symptom, the desired 
therapeutic effect, the route of administration, and the duration of the treatment etc. In the human adult, the doses per 
person per dose are generally between 1 u,g and 100 mg, by oral administration, up to several times per day, and 
between 0.1 u,g and 1 0 mg, by parenteral administration (preferred into vein) up to several times per day, or continuous 
administration between 1 and 24 hrs. per day into vein. 

[0051] As mentioned above, the doses to be used depend upon various conditions. Therefore, there are cases in 
which doses lower than or greater than the ranges specified above may be used. 

[0052] The compounds of the present invention may be administered as solid compositions, liquid compositions or 
other compositions for oral administration, or as injections, liniments or suppositories etc. for parenteral administration. 
[0053] Solid compositions for oral administration include compressed tablets, pills, capsules, dispersible powders, 
and granules. 

[0054] Capsules contain hard capsules and soft capsules. 

[0055] In such compositions, one or more of the active compound(s) is or are, admixed with at least one inert dilu- 
ent such as lactose, mannitol, mannit, glucose, hydroxypropyl cellulose, microcrystalline cellulose, starch, polyvinylpyr- 
rolidone, magnesium metasilicate aluminate. 

[0056] The compositions may also comprise, as is normal practice, additional substances other than inert diluents: 
e.g. lubricating agents such as magnesium stearate, disintegrating agents such as cellulose calcium glycolate, and 
agents to assist dissolution such as glutamic acid, asparaginic acid. The tablets or pills may, if desired, be coated with 
film of gastric or enteric material such as sugar, gelatin, hydroxypropyl cellulose or hydroxypropyl cellulose phthalate 
etc., or be coated with two or more films. And further, coating may include containment within capsules of absorbable 
materials such as gelatin. 

[0057] Liquid compositions for oral administration include pharmaceutically-acceptable emulsions, solutions, syr- 
ups and elixirs etc. In such liquid compositions, one or more of the active compound(s) is or are comprised in inert dilu- 
ents) commonly used in the art (for example, purified water, ethanol etc.). Besides inert diluents, such compositions 
may also comprise adjuvants such as wetting agents, suspending agents, sweetening agents, flavouring agents, per- 
fuming agents and preserving agents. 

[0058] Other compositions for oral administration include spray compositions which may be prepared by known 
methods and which comprise one or more of the active compound(s). Spray compositions may comprise additional 
substances other than inert diluents: e.g. stabilizing agents such as sodium hydrogen sulfate, stabilizing agents to give 
isotonicity, isotonic buffer such as sodium chloride, sodium citrate, citric acid. For preparation of such spray composi- 
tions, for example, the method described in the United States Patent No. 2868691 or 3095355 may be used. 
[0059] Injections for parenteral administration include ste rile aqueous or non-aqueous solutions, suspensions and 
emulsions. Aqueous solutions or suspensions include distilled water for injection and physiological salt solution. Non- 
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[0068] Magnesium (1.41 g, 58 mmol) was heated to dry under vacuum condition. Thereto, anhydrous tetrahydro- 
furan (THF) (30 ml) and dibromo ethane (a few drops) were added. A solution of a compound prepared in Reference 
Example 1 (9.65 g, 48 mmol) in anhydrous THF (30 ml) was added dropwise for 45 minutes. Thus obtained solution 
was added to a suspension of cuprous iodide (0.76 g, 4mmol) in anhydrous THF (30 ml) under cooling with ice. The 
5 mixture was stirred for 30 minutes. Thereto, a solution of S-(-)-glycidyl triytyl ether (1 2.7 g, 40 mmol) in anhydrous THF 
(30 ml) was added. After stirring the mixture for 1 hour, the reaction mixture was poured into an aqueous saturated solu- 
tion of ammonium chloride. The mixture was extracted with ethyl acetate. The organic layer was washed by an aqueous 
saturated solution of sodium chloride and dried over magnesium sulfate. The solvent was distilled off to obtain the title 
compound (19.5 g) having the following physical data. 

w 

TLC: Rf 0.29 (ethyl acetate : hexane=1 : 4); 

NMR (CDCI 3 ) : 57.5-7.1 (m, 19H), 4.40 (s, 2H), 4.1-3.9 (m ( 1H), 3.37 (s, 3H), 3.3-3.1 (m, 2H), 2.9-2.7 (m, 2H), 2.23 
(br,1H). 

15 Reference Example 3 

(2S)-3-(3-methoxymethylphenyl)propan-1 , 2-diol 

[0069] 



25 




[0070] To a solution of a compound prepared in Reference Example 2 (1 9.5 g) in THF (10 ml), acetic acid (80 ml) 
30 and water (10 ml) were added. The mixture was heated for 6 hours at 60°C and then cooled to room temperature by 
addition of water (40 ml). The precipitate was filtered. The filtrate was concentrated. The precipitate was filtered again. 
The oil compound which was obtained by concentration of the filtrate was distilled with toluene to remove the solvent 
and to obtain the title compound (8.9 g) having the following physical data. 

35 TLC: Rf 0.64 (ethyl acetate: hexane=2 : 1). 

Reference Example 4 

(2S)-3-(3-methoxymethylphenyl)-1-acetyloxypropan-2-ol 

40 

[0071] 



45 




50 

[0072] A solution of a compound prepared in Reference Example 3 (8.9 g) and 2,4,6-collidine (10.6 ml, 80 mmol) 
in methylene chloride (120 ml) was cooled to -70°C. Thereto, acetyl chloride (4.0 ml, 56 mmol) was added dropwise. 
After stirring the mixture for 15 minutes, methanol was added thereto. The mixture was heated to 0°C, washed by 1N 
HCI and an aqueous saturated solution of sodium chloride and dried over magnesium sulfate. The solvent was distilled 
55 off to obtain the title compound (1 0.8 g) having the following physical data. 

TLC: Rf 0.64 (ethyl acetate: hexane=2 : 1); 

NMR (CDCI3) : 8 7.4-7.1 (m, 4H), 4.43 (s, 2H), 4.25-3.95 (m, 3H), 3.41 (s, 3H), 2.9-2.8 (m, 2H), 2.12 (s, 3H). 
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Reference Example 7 

(2S)-3-(3-methoxymethylphenyl)-2-(2-tetrahydropyranyloxy)propan-1-al 
5 [0077] 



w 




15 [0078] A solution of oxalyl chloride (6.8 ml, 78 mmol) in methylene chloride (1 50 ml) was cooled to -78 °C. Thereto, 
a solution of anhydrous dimethylsulfoxide (DMSO) (11.1 ml, 156 mmol) in methylene chloride (30 ml) was added drop- 
wise for 1 5 minutes. After stirring the mixture for 15 minutes, a solution of a compound prepared in Reference Example 
6 (1 1 .0 g, 39 mmol) in methylene chloride (40 ml) was added dropwise for 35 minutes. After stirring the mixture for 1 0 
minutes, triethylamine (32 ml) was added thereto. The mixture was heated to -40°C, stirred for 45 minutes, poured into 

20 1 N HCI and extracted with mixture solution of ether-hexane. The organic layer was washed by water, an aqueous sat- 
urated solution of sodium hydrogencarbonate and an aqueous saturated solution of sodium chloride sucessively and 
dried over sodium sulfate. The solvent was distilled off to obtain the title compound (11.1 g) having the following physical 
data. 

25 TLC: Rf 0.45 (ethyl acetate : hexane=1 : 2); 

NMR (CDCI 3 ) : 5 9.75-9.0 (m, 1H), 7.3-7.1 (m, 4H), 4.8-4.75 and 4.35-4.3 (m, 1H), 4.43 (s, 2H), 4.45-4.3 and 4.1- 
4.0 (m, 1 H), 3.95-3.9 and 3.5-3.4 (m, 1 H), 3.40 (s, 3H), 3.3-2.8 (m, 3H), 1 .9-1 .3 (m, 6H). 

Reference Example 8 

30 

(3S)-1 ,1 -dibromo-4-(3-methoxymethylphenyl)-3-(2-tetrahydropyranyloxy)-1 -buten 
[0079] 

35 




[0080] A solution of tetrabromo methane (39.8 g, 0.12 mol) in methylene chloride (150 ml) was cooled to -20°C. 

45 Thereto, a solution of triphenylphosphine. (63 g, 0.24 mol) in methylene chloride (100 ml) was added dropwise for 20 
minutes. The obtained red-brown solution was cooled to - 40 Q C. Thereto, a solution of a compound prepared in Refer- 
ence Example 7 (1 1 .1 g) and triethylamine (5.6 ml, 40 mmol) in methylene chloride (40 ml) was added dropwise. After 
stirring the mixture for 10 minutes, triethylamine (1 1.7 ml) and methanol (9.8 ml) were added thereto. With stirring the 
obtained brown solution vigorously, the said solution was poured into mixture solution of ether-hexane. The solid prod- 

50 uct was filtered. The filtrate was concentrated. The residue was purified with a silica gel column chromatography to 
obtain the title compound (13.6 g) having the following physical data. 

TLC: Rf 0.36 (ethyl acetate : hexane=1 : 9). 

55 
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Reference Example 11 

(3S)-4-(3-methoxymethytphenyl)-34-butyldime%lsilyloxy-1-butyne 
5 [0085] 



10 




15 [0086] To a solution of a compound prepared in Reference Example 1 0 (5.64 g, 29 mmol) and imidazole (3.0 g, 44 
mmol) in N, N-dimethylfomnamide (DMF) (30 ml), t-butyldimethylsilyl chloride (5.3 g, 35 mmol) was added. The mixture 
was stirred overnight at room temperature. The reaction mixture was poured into water and extracted with ethyl acetate. 
The organic layer was washed by water and an aqueous saturated solution of sodium chloride successively, and dried 
over sodium sulfate. The solvent was distilled off. The residue was purified with a silica gel column chromatography to 

20 obtain the title compound (7.82 g) having the following physical data. 

TLC: Rf 0.73 (ethyl acetate : hexane =1:4); 

NMR (CDCI 3 ) : 5 7.3-7.1 (m, 4H), 4.5-4.45 (m, 1H), 4.44 (s, 2H), 3.37 (s, 3H), 3.0-2.95 (m, 2H), 2.41 (d, J=2Hz, 1H), 
0.83 (s, 9H), -0.02 (s, 3H), -0.08 (s, 3H). 

25 

Reference Example 12 

(3S)-1-iodo-4-(3-methoxymethyiphenyl)-3-t-butyldimethylsilyloxy-1E-buten 
30 [0087] 




40 [0088] To a suspension of zirconocene chloride hydride (7.81 g, 30 mmol) in anhydrous THF (15 ml), a solution of 
a compound prepared in Reference Example 1 1 (7.7 g, 25 mmol) in THF (30 ml) was added dropwise at room temper- 
ature. After stirring the mixture for 45 minutes, the mixture was cooled to 0°C. Thereto, a solution of iodide (6.43 g, 25 
mmol) in THF was added dropwise. The mixture was stirred for 15 minutes at room temperature. Thereto, hexane was 
added. The precipitate was filtered by silica gel. The filtrate was concentrated. The residue was purified with a silica gel 

45 column chromatography to obtain the title compound (9.77 g) having the following physical data. 

TLC: Rf 0.61 (ethyl acetate : hexane=1 : 9); 

NMR (CDCI3) : 8 7.3-7.05 (m, 4H), 6.56 (dd, J=15, 5Hz, 1H), 6.19 (dd, J=15, 1Hz, 1H), 4.43 (s, 2H), 4.3-4.15 (m, 
1H), 3.38 (s, 3H), 2.8-2.7 (m, 2H), 0.83 (s, 9H), -0.08 (s, 3H), -0.1 1 (s, 3H). 

50 
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JgJS 



[0089J 



15 




N^S^COOMe 

OMe 



20 

0-25 M) was added Z£ reacti °" "*ure, a Ltlon o ^L ^ T dropwise af ^ 

'o^-cyclopentenoSs; I ?? W8S ^ for 30 ™*es ThZ a « !?* 'T° CUprite in THF (4.8 ml 
minutes. ^<*^^T£?? 8 ™ F (1 "* was dmpwt 8 (4R ^^«W 
"01 (1 50 mg, prep J d ^2aL s \° ?" reaCti ° n mixture . » *° of SU" m,XtUre "« ^ * 30 
drous THF (, ml) was ad^XJe ^ ' deSCnbed in Chem - Pharm bJ, E^*)* 
of ammonium chloride waTaS Tat ' 7 I c for2 ° »*«■ S3 L f lef ' ° 985) } h af ^ 

hexane. The extract was w^k! ? 6 m,xfure was "eated to 0°C Th= V ^ queous satur ated solution 

TLC: Rf 0.36 (hexane : ethyl acetate = 4 ■ ■))• 
Sefemnc^Examelej4 
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[0092] To a solution of a compound prepared in Reference Example 13 (415 mg) in methylene chloride (4 ml), N,N- 
dimethylaminopyridine (440 mg) and methanesulfonyl chloride (186 ul) were added at 0°C. The mixture was stirred for 
2 hours. Thereto, water was added at 0°C. The mixture was extracted with ethyl acetate. The extract was washed by an 
5 aqueous saturated solution of sodium hydrogencarbonate, an aqueous saturated solution of potassium hydrogen sul- 
fate and an aqueous saturated solution of sodium chloride successively, dried over anhydrous sodium sulfate and con- 
centrated. The residue was purified with a silica get column chromatography (hexane : ethyl acetate = 10 : 1) to obtain 
the title compound (346 mg) having the following physical data. 

10 TLC: Rf 0.48 (hexane : ethyl acetate = 4:1); 

NMR (CDCI 3 ) : 6 7.3-7.0 (m, 4H), 6.8-6.65 (m, 1H), 5.6-5.45 (m, 2H), 4.43 (s, 2H), 4.3-4.2 (m, 1H), 4.15^.1 (m, 
1 H), 3.67 (s, 3H), 3.45-3.4 (m, 1 H), 3.39 (s, 3H), 3.2-3.05 (m, 2H), 2.8-2.7 (m, 2H), 2.6-2.2 (m, 6H), 2.0-1 .8 (m, 2H), 
0.85 (s, 9H), 0.83 (s, 9H), 0.08 (s, 3H), 0.06 (s, 3H), -0.12 (s, 3H), -0.22 (s, 3H). 

15 Reference Example 15 

(11a, 13E, 15a )-9-oxo-1 1,15-bis(t-butyldimethylsiW^ 
aprost-13-enoicacid • methyl ester 

20 [0093] 



25 



30 




[0094] To a solution of a compound prepared in Reference Example 14 (346 mg) in tributyltin hydride (3 ml), t- 
35 butylperoxide (90 mg) was added. The mixture was stirred for 35 minutes at 1 00°C. The reaction mixture was cooled to 
room temperature and purified with a silica gel column chromatography (hexane : ethyl acetate = 100 : 1 -» 10 : 1) to 
obtain the title compound (64 mg) having the following physical data. 

TLC: Rf 0.28 (benzene : ethyl acetate = 19:1); 
40 NMR (CDCI3) : 5 7.3-7.0 (m, 4H), 5.67 (dd, J=15, 6Hz, 1H), 5.55 (dd, J=15, 8Hz, 1H), 4.42 (s, 2H), 4.29 (q, J=6Hz, 
1H), 4.05 (q, J=8Hz, 1H), 3.69 (s, 3H), 3.38 (s, 3H), 2.8-2.7 (m, 2H), 2.7-2.5 (m, 5H), 2.5-2.4 (m, 3H), 2.23 (dd, 
J=18, 8Hz, 1H), 2.1-2.0 (m, 1H), 1.9-1.7 (m, 4H), 0.90 (s, 9H), 0.83 (s, 9H), 0.09 (s, 3H), 0.07 (s, 3H), -0.10 (s, 3H), 
-0.28 (s, 3H). 
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[0095] 



methylester ^•' netn ° Xymem >' l ' 3hen V | )-17.18,19, 2 0.tet ra nor-5-thi a prost-13-enoic a cid . 



15 



20 




OMe 



temperature. The reaction mixture was added to th^ , / C ' 1,16 mixture was for 2 hours at room 

tion of sodium W^er^on^ ■**»" <-* aoetate : an aqueous iumte 1 

« ous saturated solution of sodium hydrogenLZnate an^ a T* ^ 7716 extract ^ washed by an aque- 
successively, *ed over anhydrous sodLsu^ «"*» of sodium chloride 

chromatography (hexane : ethyl acetate = 1 ■ 2 -» 1 4 -TpI , f ^ reSldUe purified with a •«« gel column 
following physteal data. 1 " 2 ^ 1 ^^y'acetatejtoobtainthetitle compound (1 6 mg,havingthe 
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TLC: Rf 0.14 (ethyl acetate)- 

H Example 

Exam ple 1 (1) 
[0098] 
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TLC: Rf 0.29 (ethyl acetate); 

NMR (CDCI 3 ): 8 6.93 (s, 1H), 6.87 (d, J=8 Hz, 1H) ( 6.71 (d, J=8 Hz, 1H), 5.71 (dd, J=15, 7 Hz, 1H), 5.62 (s, 1H), 
5.50 (dd, J=15, 8 Hz, 1H), 4.4-4.2 (m, 1H), 4.1-3.9 (m, 1H), 3.68 (s, 3H), 3.35-3.3 (br, 1H), 2.8-2.6 (m, 3H), 2.6-2.4 
(m, 7H), 2.4-2.1 (m, 3H), 2.22 (s, 3H), 2.0-1.8 (m, 3H), 1.7-1.5 (m, 1H). 

Example 1 (2) 

(1 1a, 13E, 15a)-9-oxo-1 1,15-dihydroxy-16-(3-methoxy^ acid • 

ethyl ester 

[0099] 



O 




TLC: Rf 0.31 (ethyl acetate : acetic acid = 50 : 1); 

NMR (300 MHz, CDCI 3 ): 8 7.33-7.10 (m, 4H), 5.74 (dd, J = 15, 6.2 Hz, 1H), 5.53 (ddd, J = 15, 8.5, 1.1 Hz, 1H), 
4.48-4.36 (m, 3H), 4.12 (q, J = 7.2 Hz, 2H), 3.94 (m, 1H), 3.41 (s, 3H), 2.89 (dd, J = 14, 5.4 Hz, 1H), 2.B3 (dd, J = 
14, 6.9 Hz, 1H), 2.69 (ddd, J = 19, 7.6, 1.1 Hz, 1H), 2.65-2.50 (m, 2H), 2.49 (t, J = 7.2 Hz, 2H), 2.40 (t, J = 7.4 Hz, 
2H), 2.38-2.13 (m, 3H), 1.96-1.82 (m, 3H), 1.76-1.61 (m, 1H), 1.25 (t, J = 7.2 Hz, 3H). 

Example 1 (3) 

(11a, 13E, 15a)-9-oxo-1 1,15-dihydroxy-16-(3-metho)cymethylphenyl)-17,18,19,20-tetranor-5-thiaprost-13-enoic acid • 
n-propyl ester 

[0100] 



o 




TLC: Rf 0.39 (ethyl acetate : acetic acid = 50 : 1 ); 

NMR (300 MHz, CDCI 3 ): 8 7.33-7.09 (m, 4H), 5.74 (dd, J = 15, 6.0 Hz, 1H), 5.54 (ddd, J = 15, 8.4, 0.9 Hz, 1H), 
4.48-4.36 (m, 3H), 4.02 (t, J = 6.8 Hz, 2H), 3.94 (m, 1H), 3.41 (s, 3H), 2.89 (dd, J = 14, 5.4 Hz, 1H), 2.83 (dd, J = 
14, 6.9 Hz, 1H), 2.69 (ddd, J = 19, 7.5, 1.0 Hz, 1H), 2.66-2.51 (m, 2H), 2.50 (t, J = 7.2 Hz, 2H), 2.42 (t, J = 7.4 Hz, 
2H), 2.38-2.14 (m, 3H), 1.95-1.81 (m, 3H), 1 .74-1 .57 (m, 3H), 0.93 (t, J = 7.4 Hz, 3H). 
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Exar3Te|el_(41 
[0101J 



13-enoicacid • 



w 



15 




25 



TLC: Rf 0.35 (ethyl acetate : acetic acid = 50-1)- 

7-1 Hz, 1H). 2.69 (dd, J = 19 7.4 Hz, 1H) 2 63 2 2\m \ I % 2', (dd ' J = H " Hz ' 1H >- ^ (dd J 1 14 
2-13 (-T, 3H), 1.96-1.81 (m> 3H) , , 7 ;,X Sf S^f J!Sf 2H> ' 2 - 37 » J " 74 Hz! 2^2.36: 



Example 1 ( §) 
[0102] 



ie ")")-17,i8,l9.20- t et ra nor-5-thiap ro st-13.enoicacid 



4(7 




45 



Imo « 0 36 (6thyl acetate : ace «c ** = 50 • 1 )• 
NMR (300 MHz, CDCI,): 8 7 33-7 1 1 ( m un s tr m< , 

JJ ;3H), 4.07 (t, J . ,1 Hz, 2H ) 3 ^ TJ^^ ^ "* W J = 16 ' 8 " 5 Hz - 4.48-4 36 
H), 2.69 (dd, J = 19. 7.5 Hz. 1H), 2.64-2 52 (mlm'^n ft ? ^ u = 13 ' 5 6 HZ " 1H >' 2 84 (^.J=13, 6 9 H T 
(t), 3H), 1.96-1.81 (m, 3H), 1.74-1.53 (m, ^X^-^^'^^2^o^^j^j^^^^ 2.38-2J4 
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Example 1 (6) 

(11a, 13E, 15a)-9-oxo-11 ,15-dihydroxy-16-(3-ethoxymethytpheny^^ acid • 

methyl ester 

[0103] 



o 



15 




20 

TLC: Rf 0.29 (ethyl acetate); 

NMR (300 MHz, CDCI 3 ) : 8 7.32-7.12 (m f 4H), 5.77 (dd, J = 15.3, 5.4 Hz, 1 H), 5.53 (dd, J = 1 5.3, 7.8 Hz, 1 H), 4.48- 
4.43 (m, 3H), 3.97-3.87 (m, 1H), 3.67 (s, 3H), 3.58 (q, J = 6.9 Hz, 2H), 2.98-2.80 (m, 2H), 2.76-2.14 (m, 13H), 1.95- 
1.60 (m, 3H), 1.26 (t, J = 7.2 Hz, 3H). 

25 

Example 1 (7) 

(11a,13E,15a)-9-oxo-11,15-dihydroxy-16-(3-n-propyloxymethylphenyl)-17,18,19,204etran 
• methyl ester 

30 

[0104] 




TLC: Rf 0.36 (ethyl acetate); 

NMR (300 MHz, CDCI 3 ) : 8 7.32-7.1 3 (m, 4H), 5.77 (dd, J = 1 5.3, 6.0 Hz, 1 H), 5.53 (dd, J = 1 5.3, 8.0 Hz, 1 H), 4.48- 
4.43 (m, 3H), 3.97-3.89 (m, 1H), 3.67 (s, 3H), 3.47 (t, J = 6.6 Hz, 2H), 2.94-2.91 (m, 2H), 2.76-2.14 (m, 13H), 1.92- 
1 .50 (m, 5H), 0.95 (t, J = 7.5 Hz, 3H). 
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[0105J 



w 



15 



>N^$\/s^COO-t-Bu 




20 



TLC: Rf 0.35 (ethyl acetate); 
NMR(300MH 2> CDCW -fi/oc 7 i«/ 

. ^^^^ 

&fanTE|eJ49) 



[0106J 



tetranor-5-thiaprost-13- 




45 



50 



I^ fa4 °(ethyl acetate); 

HUH (300 MHz, CDCIo)-8 7q R711 , 
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Example 1 (10) 



(15a, 13E)-9-oxo-15-hydroxy-16-(3-methoxymethylpheny!H^ acid • methyl 

ester 

[0107] 



COOMe 



15 




TLC: Rf 0.60 (ethyl acetate : hexane = 2:1); 

NMR (300MHz, CDCI 3 ): 8 7.3-7.1 (m, 4H), 5.7-5.6 (m, 2H), 4.44 (s, 2H), 4.4-4.3 (br, 1H), 3.68 (s, 3H), 3.41 (s, 3H), 
2.9-2.75 (m, 2H), 2.7-2.3 (m, 8H), 2.3-2.0 (m, 3H), 2.0-1.5 (m, 6H). 

25 Example 1 (11) 

(1 1a, 15a, 13E)-9-oxo-1 1 ,15-dihydroxy-16-(3-methyl4-hydroxyphenyl)-17,18,19,20-tetranor-5-thiaprost-13-enoic acid 
• ethyl ester 

30 [0108] 



35 



40 




TLC: Rf 0.45 (ethyl acetate); 

NMR (300 MHz, CDCI 3 ) : 8 6.99-6.82 (m, 2H), 6.75-6.68 (m, 1H), 5.73-5.54 and 5.44-5.31 (m, 3H), 4.14-3.90 (m, 
2H), 3.70 (s, 3H), 2.82-2.06 (m, 14H), 1.99-1.53 (m, 6H), 1.31 and 1.20 (d, J = 7.0 Hz, 3H). 
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[0109] 



HQ 



>\^- s v^\^COOMe 



75 



TBSO 




OMe 



20 



25 



35 



NMR Rf °' 26 (h6Xane ■' 6thyl 3Cetate = 4 ' I)" 



[0111] 



40 




34 



EP 1 097 922 A1 



compound was used for the next reaction without purification. 

2) Under an atmosphere of argon gas, to a solution of the obtained tosyl compound in anhydrous toluene (6 ml), 
tetra-n-butylammonium chloride (390 mg) was added rapidly. The mixture was stirred for 1 hour at 55°C. The reac- 
tion mixture was dilluted with ethyl acetate, washed by water and an aqueous saturated solution of sodium chloride 

5 successively, dried over anhydrous magnesium sulfate and concentrated. The obtained crude product was used for 
the next reaction without purification. 

3) To a solution of the obtained crude product in acetonitrile (3 ml), pyridine (0.2 ml) and hydrogen fluoride-pyridine 
complex (0.4 ml) were added at 0°C. The mixture was stirred for 1 hour at room temperature. The reaction mixture 
was added to a mixture solution (ethyl acetate-an aqueous saturated solution of sodium hydrogencarbonate) and 

w extracted with ethyl acetate. The extract was washed by an aqueous saturated solution of sodium hydrogencar- 
bonate and an aqueous saturated solution of sodium chloride successively, dried over anhydrous sodium sulfate 
and concentrated. The residue was purified with a short column and then with silica gel column chromatography 
(toluene : i-propanol = 50 : 1) to obtain the title compound (38 mg) having the following physical data. 

75 TLC: Rf 0.42 (ethyl acetate); 

NMR (CDCt 3 ) : 8 7.3-7.1 (m, 4H), 5.63 (dd, J=15, 6 Hz, 1H), 5.48 (dd, J=15, 8 Hz, 1H), 4.42 (s, 2H), 4.4-4.3 (m, 
1H), 4.1-3.9 (m, 2H), 3.68 (s, 3H), 3.42 (s, 3H), 3.0-2.7 (m, 3H), 2.6-2.4 (m, 6H), 2.35-2.1 (m, 3H), 2.1-1.8 (m, 4H), 
1.8-1.6 (m, 2H). 

20 Example 2(1) 

(9(3, 11a, 13E, 15a)-9-fluoro-1 1,15-dihydroxy-16-(3-methoxymethylphenyl)-17,18,19,20-tetranor-5-thiaprost-13-enoic 
acid • methyl ester 

25 [0112] 



30 



35 




[0113] By the same procedure described in Reference Example 16 and Example 2, the title compound was 
40 obtained. 

TLC: Rf 0.49 (hexane : ethyl acetate = 1:3); 

NMR (CDCI 3 ): 8 7.3-7. 1 (m ( 4H), 5.66 (dd, J=1 5, 6Hz, 1 H), 5.49 (dd, J=1 5, 8Hz, 1 H), 4.85-4.8 and 4.7-4.65 (m, 1 H), 
4.42 (s, 2H), 4.45-4.35 (m, 1 H), 4.05-3.9 (m, 1H), 3.68 (s, 3H), 3.42 (s, 3H), 2.95-2.8 (m, 2H), 2.7-2.4 (m, 7H), 2.4- 
45 2.2 (m, 1H),2.1-1.5(m,8H). 
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Exam ple a 
5 [0114] 



20-tetranor-5-thiaprost-13-enoicacid 



10 



15 




OMe 



25 



30 



The react.cn mixture was acidffied by addition rfTa22.Il ^ for2 hours at ^om temperature 

mixture was extracted with ethyl acetate T JIT ° USSa, " ra,ed solu «°" * ammonium sufeteand I nEcT t P 

■ acetic acid = 50 : 1) to obtain th* - i . 2, 1 % acetic add -> 1 • 4 i % orotic ^ , 

) obtain the trtle compound (13 mg) having the fo||owjng ^ acd -> ethyl ace , ate 

1r 2£T (6,hyl aC6tate : aceticacid = 19 = I)" 
fi<ampje_3il) 



40 



50 



>\^ S N^\^COOH 
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TLC: R t 0.22 (chloroform : methanol = 9 -1)- 
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Example 3 (g) 

(90, 1 1 a, 1 3E, 1 5a)-9-chloro-1 1 ,1 5-dihydroxy-16-(3-methoxymethylphenyl)-1 7,18,1 9, 20-tetranor-5-thiaprost-1 3-enoic 
acid 

[0118] 



15 




TLC: Rf 0.29 (chloroform : methanol = 9:1); 

NMR (CDCI 3 ) : 5 7.25-7.05 (m, 4H), 5.62 (dd, J=15, 6 Hz, 1 H), 5.45 (dd, J=15, 8 Hz, 1H), 4.38 (s, 2H), 4.4-4.3 (m, 
1H), 4.0-3.9 (m, 2H), 3.37 (s, 3H), 2.85 (dd, J=14, 5 Hz, 1H), 2.75 (dd, J=14, 7 Hz, 1H), 2.6-2.3 (m, 6H), 2.25-2.05 
25 (m, 2H), 2.0-1.9 (m, 2H), 1.9-1.8 (m, 2H), 1.7-1.6 (m, 2H). 

Example 3 (3) 

(9p, 1 1 a, 1 3E, 1 5a)-9-fiuoro-1 1 ,1 5-dihydroxy-1 6-(3-methoxymethylphenyl)-1 7,1 8,1 9,20-tetranor-5-thiaprost-13-enoic 
30 acid 

[0119] 



35 



40 




TLC: Rf 0.51 (chloroform : methanol = 9:1); 

NMR (CDCI 3 ) : 8 7.3-7.1 (m, 4H), 5.68 (dd, J=15, 6 Hz, 1H), 5.51 (dd, J=15, 9 Hz, 1H), 4.9-4.6 (m, 1H), 4.44 (s, 
2H), 4.42 (q, J=6 Hz, 1H), 3.96 (q, J=9 Hz, 1H), 3.42 (s, 3H), 3.8-2.6 (br, 3H), 2.90 (dd, J=14, 6 Hz, 1H), 2.82 (dd, 
50 J=1 4, 6 Hz, 1 H), 2.65-2.2 (m, 7H), 2. 1 -1 .5 (m, 7H). 
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Example 3 (4) 



(1 1«, 13E, 15a)-9-oxo-1 1 J 5-dihydroxy-16-(3-ethoxymethylphenyl)-17J8J 9,20-1 
5 [0120J 



■tetranor-5-thiaprost-1 3-enoic acid 



w 



15 




20 TLC: Rf 0.06 (chloroform : methanol=9 : 1 ); 



NMR (300 MHz, CDCI 3 ): 5 7.29-7.11 (m, 4H), 5.76 (dd J = 150 54Hz 1H1 fi « Mri 1 <c« c 



, 8.1Hz,1H), 4.51- 
94-1.62 (m, 4H), 



25 Example 3 ( 5 ) 

(1 1a, 13E, 15a)-9-oxo-1 1 ,15-dihydroxy-16-(3-n-propyloxymethylphenyl)-1 7,18,1 
[0121] 



30 



9,20-tetranor-5-thiaprost-l3-enoicadd 




40 



45 



TLC: Rf 0.12 (chloroform : methanol=9 ■ 1)- 



50 
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Example 3 (6) 



(11a, 15a, 13E)-9-oxo-11 J5^ihydroxy-16-methyl-16-(3-methoxymethylphenyl)-1 AlS.ig^O-tetranor-S-thiaprost-IS- 
enoic acid 

[0122] 



w 



15 




TLC: Rf 0.17 (chloroform : methanol=9 : 1); 

NMR (300 MHz, CDCI3): 8 7.36-7.1 1 (m, 4H), 5.76 and 5.70 (dd, J = 1 5.0, 8.0 Hz, 1 H), 5.53 and 5.48 (dd, J = 15.0, 
6.0 Hz, 1H), 4.50-4.39 (m, 2H), 4.36-4.26 (m, 1H), 3.98-3,75 (m, 1H), 3.44 (s, 3H), 3.02-1.60 (m, 17H), 1.37 and 
1.30 (d, J = 7.0 Hz,3H). 

Example 3 (7) 

(15a, 13E)-9-oxo-15-hydro)(y-16-(3-methoxymet^^ acid 




45 TLC: Rf 0.51 (chloroform : methanol=9 : 1); 

NMR (300MHz, CDCI 3 ): 8 7.3-7.1 (m, 4H), 5.75-5.6 (m, 2H), 4.45 (s, 2H), 4.45-4.4 (m, 1H), 4.0-2.8 (br), 3.42 (s. 
3H), 2.89 (dd, J = 14, 5Hz, 1H), 2.79 (dd, J = 14, 8Hz, 1H), 2.7-2.3 (m, 8H), 2.3-2.0 (m, 3H), 2.0-1.5 (m, 5H). 
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5 [0124] 



1 9,20-tetranor-5-thiaprosM3-enoic acid 



w 



15 



COOH 




20 



mmo ,? °- 21 (ch,orofo ™ : methanol : n- 



3(bs,3H),2.80-1.50 



Befej^ncejxani^^ 

4-iodobutanoic acid methyl ester 
[0125J 
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Reference Example 1 8 
3-bromomethylphenylacetic acid 
5 [0128] 



w 




COOH 



15 [0129] To a solution of 3-methylphenylacetic acid (125 g) in tetrachloro methane (1 660 ml), N-bromosuccinimide 
(148 g) and 2,2'-azobisisobutyronitrile (AIBN; 1 .37 g) were added. The mixture was refluxed with heating. After termi- 
nation of reaction, the solution was cooled with ice. The white precipitate was filtered by glass-filter. The filtrate was 
washed by tetrachloro methane. The filtrate together with washing liquid was concentrated. The obtained residue was 
dissolved into ethyl acetate. Thereto, hexane was added. The mixture was crystallized to obtain the title compound (59 

20 g). 

TLC: Rf 0.58 (hexane : ethyl acetate = 1:1 + 1% acetic acid); 

NMR (200MHz, CDCI 3 ): 8 7.36-7.18 (m, 4H), 4.48 (s, 2H), 3.66 (s, 3H). 

25 Reference Example 19 

3-methoxymethylphenyl acetic acid 

[0130] 



35 




COOH 



40 [0131] Under an atmosphere of argon gas, to sodium methoxide (160 g), methanol (800 ml) was added with stir- 
ring. Thereto, a solution of 3-bromomethylphenylacetic acid (226 g; prepared in Reference Example 1 8) in methanol 
(3200 ml) was added. The mixture was refluxed for 20 minutes. After the temperature of mixture became to room tem- 
perature, methanol was distilled off. The residue was poured into 2N HCI. Thereto, ethyl acetate was added. The 
organic layer was washed by an aqueous saturated solution of sodium chloride, dried over anhydrous magnesium sul- 

45 fate and concentrated to obtain the title compound (176.3 g). 

TLC: Rf 0.58 (hexane : ethyl acetate = 1:1 + 1% acetic acid); 

NMR (200MHz, CDCI 3 ) : 8 7.38-7.18 (m, 4H), 4.45 (s, 2H), 3.65 (s, 2H), 3.39 (s, 3H). 

50 
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Reference Examp lg on 

N- m ethoxy.N-methy,.(3. m e,hoxy m ethy,pheny, )a c e «c acid amide 
[0132] 



15 



20 



25 



30 



35 



22 In JKIT^^S (94 ? 9> ^ N ™^™P"* (54.0 mQ were 

under reduced pressure, hereto, water (600 mlS ^ T'*"" 6 W3S filtered ' 1)16 was did off 

enured the mixture was poured into 2N HC 20J0 2 Z XT 1 rT ^ added After ^ ™ 223 
was separated. The organic layer was washed by 2N HQ f " ,er6d l ° r6m ° Ve Mrochloride. The Smte 

carbonate and an aqueous saturated solution of sodiu! S.ST' aqU6 ° US SatUrated so,ution ° f s °<«um hydraS 
sure to obtain the title compound (crude 200 £ * SUCCeSSiVe ' y and Con « d ""der reduces. 

TLC: Rf 0.58 (ethyl acetate)- 

Referent Fvo rrfa ^ 1 n >' 

^S-^ethoxyTnethyWervO-z-oxop^phosphonate 



[0135J 



40 



50 




II OMe 
0 



2J» was sarred tor , JX£ Z£^^ N *£»* M \^ ^Zt'ZZ 
TLC: Rf 0.22 (ethyl acetate); 
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(d, J = 23 Hz, 2H). 
Reference Example 22 
5 (1S,5R,6S,7R)-3-oxo-6-formyl-7-(2-tetrahydropyranyloxy^^ 
[0137] 



w 



15 




20 

[0138] To a solution of (1 S,5R,6RJR)-3-oxo-6-hydroxymethyl-7-(2-tetrahydropyranyloxy)-2-oxabicy- 
clo[3.3.0]octane (140.5 g; J. Am. Chem. Soc, 92, 1490 (1971)) in ethyl acetate (4100 ml), water (410 ml), sodium ace- 
tate (134.9 g), potassium bromide (6.53 g) and 2,2, 6, 6-tetramethyl-1-piperidinyloxy radical (TEMPO; 2.14 g) were 
added. The mixture was cooled with sodium chloride-water. The reaction mixture was stirred vigorously. Thereto, a 
25 solution of 1 0% sodium hypochlorous acid (302 ml) which was saturated with sodium hydrogencarbonate was added 
at a dropwise for 40 minutes. After reaction, the organic layer was washed by an aqueous saturated solution of sodium 
chloride, dried over anhydrous magnesium sulfate and concentrated under reduced pressure to obtain the title com- 
pound (113.6 g). 

30 TLC: Rf 0.60 (ethyl acetate : acetic acid = 1 00 : 1 ); 

NMR (300MHz, CDCI 3 ) : 8 9.73 (m, 1H), 5.11-5.00 (m, 1H), 4.81-4.51 (m, 2H), 3.92-3.79 (m, 1H), 3.59-3.35 (m, 
2H), 3.20-3.03 (m, 1 H), 2.90 and 2.87 (each dd, J = 18, 6.2 Hz and J = 18, 6.3 Hz, 1 H), 2.57 and 2.44 (each dd, J 
= 1 8, 3.2 Hz and J = 1 8, 3.2 Hz, 1 H), 2.40-2.30 (m, 1 H), 1 .97-1 .42 (m, 7H). 

35 Reference Example 23 

(1 S,5R, 6R,7R)-3-oxo-6-(4-(3-methoxymethylphenyl)-3-oxo-1 -butenyl)-7- (2-tetrahydropyranyloxy)-2-oxabicy- 
clo[3.3.0]octane 

40 [0139] 




[0140] Under an atmosphere of argon gas, a suspension of sodium hydride (5.08 g; 62.5%) in anhydrous THE 
(2000 ml) was cooled with water bath. Thereto, a solution of dimethyl 3-(3-methoxymethylphenyl)-2-oxopropylphospho- 
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/5 



nate (42.7 g, prepared in Reference Example 21) in anhydrous THF M000 mn wae arMarf a ■ . , 
mixture was stirred fori hour. Thereto a solution of MS i *? wasaddeddro P*^ ^5 minutes. The 
cyclo[3.3.0]octane (113 6 a' oreJZ fin ^22 i S ' 5 ^' 7R) - 3 - oxo * fo ^- 7 -( 2 - te ^ropyranyloxy)-2-oxabi. 
mixture was stimad for 1 2 toZ ^ 23) anhydr0US THF < 800 ml > «" added dropL. The 

[0141] To the reaction mixture, acetic acid (51 mn wa<? aHHoh tk* 

ture was extracted with ethyl acetate The oman icSeTwaf w^hU k "™ ^ int0 ^ The reaction mix " 
ride, dried over anhydrous magnesium S and * w T° US S ° lu,i0n ° f sodium chl °- 

s,ca g e,co,umnchroma,o g r4y(hexan^ 

TLC: Rf 0.52 (hexane : ethyl acetate = 1 - 1)* 
Reference Examp lP 94 



[0142J 




35 



Uml,,a^ 

mixture was stirred for 20 minutes There* it n ^na^H ( woTi T ^ dr ° PWiSe for 12 minutes ' The 
dropwise for 1 hour. The mixture was 2d foM hour (S) - b ' naPhth01 (933 * " ™F (200 ml) was added 

W Koxo-lTu^ 

23, in anhydrous THF (2,0 mi) was ^d-S^ J£""» ^ 

hexane (100 ml-230 ml) Z ■ adZ tS HTJ ! ^ J " ""^ redUC6d preSSUre - To *• residu * acetate- 
was concentrated. The Sue was Defied ST , ?he precipitated cr * stal was "he filtrate 
m ^-te) toob ^ 

TLC: Rf 0.51 (ethyl acetate); 

NMR (200MHz, CDCy : 8 7.35-7.07 (m, 4H), 5.61 (dd J = 1 6 5 5 Hz 1 H) 5 sn anri c ad i 

and J = 16 , 6.6 Hz, 1H), 4.94 (m, 1H). 4.65 (m 1H) 4 44 s 2H) 4 £L S, ^ , ,a1 ^ ^ J = 16 ' 65 Hz 

203 (m,8H), 1.89-1.40 (m 6H) ( * 38 (m ' 3H) ' 3 " 41 < s ' 3H >- 2 87 " 
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Reference Example 25 

(1S,5R,6R,7R)-3-oxo-6-(4-(3HTiethoxymethylphenyl)-3S-(2^ 
loxy)-2-oxabicyclo[3.3.0]octane 

[0146] 



w 




[0147] Under an atmosphere of argon gas, to a solution of (1S,5R,6R,7R)-3-oxo-6-(4-(3-methoxymethylphenyl)- 
3S-hydroxy-1-butenyl)-7-(2-tetrahydropyranyloxy)-2-oxablcyclo[3.3.0]octane (1 14.7 g; prepared in Reference Example 
25 24) in methylene chloride (1000 ml), dihydropyran (37.7 ml) and tosylic acid monohydrate (524 mg) were added. The 
mixture was stirred for 1 hour. To the reaction mixture, triethylamine was added at 0 °C. The mixture was concentrated 
under reduced pressure. The residue was purified with silica gel column chromatography (hexane : ethyl acetate = 2 : 
1 ~1 : 1-1 : 2) to obtain the title compound (126.9 g). 

30 TLC: Rf 0.51 , 0.45 (hexane : ethyl acetate = 1:2); 

NMR (200MHz, CDCI 3 ) : 6 7.32-7.02 (m, 4H), 5.63-5.23 (m, 2H), 4.89 (m, 1 H), 4.70-4.46 (m, 1 H),4.42 (s, 2H), 4.35- 
3.18 (m, 6H), 3.39 (s, 3H), 3.07-1.94 (m, 8H), 1.88-1.20 (m, 12H). 

Reference, Example 26 

35 

(9a, 11a, 15a, 13E)-6,9-dihydroxy-1 1,15-bis(2-tetrahydropyranyloxy)-16-(3-methoxymethylphenyl)- 
1 ,2,3,4,5, 1 7, 1 8, 1 9,20-nonanorprosM 3-en 

[0148] 



45 



50 




[0149] Under an atmosphere of argon gas, lithium aluminum hydride (7.68 g) was cooled with ice. Thereto, anhy- 
55 drous THF (500 ml) was added. Thereto, a solution of (1S,5R,6R,7R)-3-oxo-6-(4-(3-methoxymethylphenyl)-3S-(2-tet- 
rahydropyranylo)<y)-1-butenyl)-7-(2-tetrahydro (126.7 g; prepared in Reference 

Example 25) in anhydrous THF (500 ml) was added dropwise for 1 .5 hours at 2°C. The mixture was stirred for 1 0 min- 
utes. To the reaction mixture, diethyl ether (750 ml) and an aqueous saturated solution of sodium sulfate (70 ml) were 
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mm 0 - °' 36 (6thyl acetate : «* acid = 50 • 1 )• 
Reference Frampi^ 

[0150] 




-20 °C, mesyl chloride (1 1.8 ml) was added thereto to 2 mln^« ^ ' ^P^thylamine < 355 ml > «as added. At 
[0152] After entire consumption of the » usedT StiTCd for 30 minutes * ^C. 

=d d ;r 0 ^ 

was st,rred for 18 hours at room temperature. Thereto Ixtrtw JT ^ 1 h ° Ur at - 10 ° a The ™«™ 

ture solvent of hexaneethyl acetate (V: 1) The oZSrS ml) h w ^ added ' The mixture was extracted with mix- 
of sodium chloride successively, dried over an^rJZZ^ ^ ^ r ^ m ^ u »« «o(S 
o obtain the title compound (63.5 g). V ™gnes,um surfate and concentrated under reduced pressure to 

TLC: Rf 0.57, 0.53 (hexane : ethyl acetate = 2:1). 



45 



50 



55 
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Reference Example 28 

(9a, 11a, 15a, 13E)-9-hydroxy-11,15-bis(2-tetrahydropyranyloxyV^ -17,18,19,20-tetranor- 
5-thiaprost-13-enoicacid • methyl ester 

[0154] 




20 

[0155] Under an atmosphere of argon gas, to anhydrous THF (200 ml), potassium t-butoxide (27.5 g) was added. 
Thereto, anhydrous methanol (200 ml) was added dropwise for 6 minutes. The mixture was stirred for 1 0 minutes. To 
the reaction solution, a solution of (9a, 11a, 15a, 13E)-6-acetylthio-9-trimethylsilyloxy-11,15-bis (2-tetrahydropyrany- 
loxy)-16-(3-methoxymethylphenyl)-1, 2,3,4,5, 17,1 8, 19,20-nonanorprost-13-en (63.5 g; prepared in Reference Example 

25 27) and 4-iodobutanoic acid methyl ester (55.8 g; prepared in Reference Example 1 7) in anhydrous THF (400 ml) was 
added dropwise for 25 minutes. The mixture was stirred for 30 minutes. The reaction mixture was poured into an aque- 
ous saturated solution of ammonium chloride (1 000 ml) and extracted with ethyl acetate. The organic layer was washed 
by water and an aqueous saturated solution of sodium chloride successively, dried over anhydrous magnesium sulfate 
and concentrated under reduced pressure. The residue was purified with silica gel column chromatography (hexane- 

30 ethyl acetate) to obtain the title compound (51 .3 g). 

TLC: Rf 0.39 (hexane : ethyl acetate =1:2); 

NMR (300 MHz, CDCI 3 ) : 8 7.31-7.07 (m, 4H), 5.65-5.29 (m, 2H), 4.75-4.59 (m, 2H), 4.43 (s, 2H), 4.31-3.19 (m, 
7H), 3.67 (s, 3H), 3.37 (s, 3H), 3.00-2.70 (m, 2H), 2.65-2.03 (m, 10H), 2.01-1.28 (m, 16H). 

35 

Reference Example 29 

(1 1 a, 1 5a, 1 3E)-9-oxo-1 1 ,1 5-bis(2-tetrahydropyranyloxy)-1 6-(3-methoxymethylphenyl)-1 7,1 8,1 9,20-tetranor-5-thi- 
aprost-13-enoicacid • methyl ester 

40 

[0156] 




[0157] Under an atmosphere of argon gas, to a solution of (9a, 1 1 a, 1 5a, 1 3E)-9-hydroxy-1 1 ,1 5-bis (2-tetrahydro- 
pyranyloxy)-16-(3-methoxymethylphenyl)-17,18,19,20-tetranor-5-thiaprost-13-enoic acid • methyl ester (120.0 g; pre- 
pared in Reference Example 28) in anhydrous DMSO (500 ml), triethylamine (161 ml) was added. Thereto, a solution 



47 



TLC: Rf 0.47 (hexane : ethyl acetate = 1:1). 
■Exam ple a 



(11a, 15a, 13E)-9-oxo-1 1,15-dihvdroxv-ifi n r»o«, 
» merest. ,6 * ffl -»^^ . 

[0159] 



20 



25 




35 



40 



LW,w i " solution of (9a n a 15« i«ci q h ^ 



NMR (500MHz. CD^ tST", B h V* „ 
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Reference Example 30 

(1S,5R,6R,7R)-3-oxo-6-(4-(3-methoxymethylphenyi)-3S-(2-tetraty^ 
2-oxabicyclo[3.3.0]octane 

[0162] 



w 



15 




[0163] Under an atmosphere of argon gas, to a solution of (1S,5R,6R,7R)-3-oxo-6-(4-(3-methoxymethylphenyl)- 
3S-(2-tetrahydropyranyloxy)-1-butanyl)-7-(2-tetrahydrop (100 mg; prepared in 

25 Reference Example 25) in methanol (2.0 ml), paradium-carbon (10 mg; 10%) was added. Under an atmosphere of 
hydrogen gas, the reaction mixture was stirred for 2.5 hours at room temperature. The reaction mixture was filtered by 
Celite. The filtrate was concentrated. The residue was purified with column chromatography (hexane : ethyl acetate = 
2/1-1/1) to obtain the title compound (74 mg). 

30 TLC: Rf 0.30 (hexane : ethyl acetate = 1:1); 

NMR (CDCI 3 , 300MHz): 8 7.35-7.08 (m, 4H), 4.98-4.94 (m, 1H), 4.70-4.59 and 4.39-4.15 (m, 2H), 4.43 (s, 2H), 
4.09-3.75 (m, 3H), 3.60-3.29 (m, 6H), 3.02-2.12 (m, 6H), 2.09-1.40 (m, 18H). 

Example 5 

35 

(1 1a, 15a)-9-oxo-1 1.IS-dihydroxy-ie-JS-methoxymethylphenylJ-^.IS.ig^O-tetranor-S-thiaprostanoic acid • methyl 
ester 

[0164] 

40 



45 




50 



[0165] By the same procedures described in Reference Examples 26 to 29 and Example 4 using a compound pre- 
pared in Reference Example 30, the title compound was obtained. 

55 TLC: Rf 0.29 (ethyl acetate); 

NMR (300 MHz, CDCI3) : 5 7.36-7.16 (m, 4H), 4.45 (s, 2H), 4.15-4.08 (m, 1H), 3.96-3.90 (m, 1H), 3.67 (s, 3H), 3.42 
(s, 3H), 2.90-2.82 (m, 1H), 2.76-2.51 (m, 6H), 2.44 (t, J = 7.5 Hz, 2H), 2.31-2.23 (m, 1H), 2.05-1.60 (m, 12H). 



49 



EP 1097 922 A1 



(1l "' 15a >^ 
5 [0166J 



20-tetranor-5-thiaprostanoicacid 



w 



15 




Formulation pyamp| r -j 



25 



30 



35 



40 



• Carboxymethylcellulose calcium 

• Magnesium stearate 

• Micro crystallin e cellulose 



250 mg (active ingrdient: 50 mg) 



200 mg 
100 mg 
9.2 g 





I 'uumg (active ingredient:^ mg) 


• Mannitol 




• Distilled water 


100 ml 



50 



EP 1 097 922 A1 

Claims 

1 . A 5-thia-co-substituted phenyl-prostaglandin E derivative of the formula (I) 




(wherein, R 1 is hydroxy, C1-6 alkyloxy or NR 6 R 7 (in which R 6 and R 7 is, each independently, hydrogen or C1- 
4 alkyl), 

R 2 is oxo, halogen or O-COR 8 (in which R 8 is C1 -4 alkyl, phenyl or phenyl(C1 -4 alkyl)), 
R 3 is hydrogen or hydroxy, 

R 43 and R 4b is, each independently, hydrogen or C1 -4 alkyl, 
R 5 is phenyl substituted with the following substituent(s): 

i) 1 —3 of 

C1-4alkyloxy-C1-4 alkyl, 

C2-4 alkenyloxy-C1-4 alkyl, 

C2-4 alkynyloxy-C1-4 alkyl, 

C3-7 cycloalkyloxy-C1-4 alkyl, 

C3-7 cycloalkyl(C1 -4 alkyloxy)-C1 -4 alkyl, 

phenyloxy-C1 -4 alkyl, 

phenyl-C1-4 alkyloxy-C1 -4 alkyl, 

C1-4 alkylthio-C1-4 alkyl, 

C2-4 alkenylthio-C1-4 alkyl, 

C2-4 alkynylthio-C1-4 alkyl, 

C3-7 cycloalkylthio-C1 -4 alkyl, 

C3-7 cycloalkyl(C1 -4 alkylthio)-C1-4 alkyl, 

phenylthio-C1-4 alkyl or 

phenyl-C1-4 alkylthio-C1 -4 alkyl, 

H) 

C1-4 alkyloxy-C1-4 alkyl and C1-4 alkyl, 
C1-4 alkyloxy-C1-4 alkyl and C1-4 alkyloxy, 
C1 -4 alkyloxy-C1 -4 alkyl and hydroxy, 
C1-4 alkyloxy-C1-4 alkyl and halogen, 
C1-4 alkylthio-C1-4 alkyl and C1-4 alkyl, 
C1-4 alkylthio-C1-4 alkyl and C1-4 alkyloxy, 
C1 -4 alkylthio-C1 -4 alkyl and hydroxy or 
C1-4 alkylthio-C1-4 alkyl and halogen, 

iii) 

haloalkyl or hydroxy-C1-4 alkyl, or 

iv) 

C1 -4 alkyl and hydroxy; and 
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• is single bond or double bond 
with the proviso that when R2 | s o-COR8 pa ro 
° ran0n - toX,CS ^^ 

3- AM «*cording^^ 

* — nda^tooia,,^,,:; * 

» 7. ^WdaccordingtodaimLwhereinR^isocORSr , 8 

g a - C0R (,n wh,ch R8 is as defined in claim 1) 

«• A compound according to daim 1 wherein R 5 , „ 

' erem R 18 P hen y' ^rtuted with i) i~3 of 

C Malkyloxy-C1-4alkyl, 

C2-4alkenyloxy-C1-4aiky| 
C2-4alkynyloxy-C1-4alkyr 
C3-7cycloalkyloxy-C1-4alkyl, 

Phanyl-C1.4alkyloxy-C1-4alkyl, 
CI -4 alkylthio-Cl -4 alkyl, 
C2-4alkenylthio-Cl-4aiky| 
C2-4 alkynylthio-C1-4 alkyl' 
C3-7cycloalkylthlo-CM alkyl, 
C3-7 cycloalkyl(C1-4 alkylthio)-CM alkyl 
phenytthio-Ci-4 alkyl, or W 
Phenyl-C1-4alkylthio-C1-4alky|. 

CM alkyloxy-Cl-4 alkyl and C1-4 alkyl 

CMal^o Xy .c 1 .4a,ky l andhydroxy, * 
cj 3 ^- 01 " 4 ^kyl and halogen 
CM a,M,hio^,. 4 alky, and C1-4 alkyl 
CM alkyrthio-Ci-4 alkyl and CM alkLv 

CM alkylth,o-Cl-4 alkyl and halogen. 
,0 - A ^-* g toda^, whereinR s isphen , sub ^ edwfth 



20 



25 



30 



iii) 
50 



haloalkyl or hydroxy-CM alkyl. 



55 |y) 

C1 -4 alkyl and hydroxy. 
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12. A compound according to claim 1 , 2, 5 or 8, which is selected from 

(1 ) (1 1 a, 13E, 1 5a)-9-oxo-1 1 ,1 5-dihydroxy-1 6-(3-methoxymethylphenyl)-1 7, 1 8, 1 9,20-tetranor-5-thiaprost-1 3- 
enoic acid, 

(2) (11a, 1 3E, 1 5a)-9-oxo- 11,1 5-dihydroxy-1 6-(3-ethoxymethytphenyl)-1 7, 1 8, 1 9,20-tetranor-5-thiaprost-1 3- 
enoic acid, 

(3) (1 1 a, 1 3E, 1 5a)-9-oxo-1 1 , 1 5-dihydroxy-1 6-(3-n-propyloxymethylphenyl)-1 7, 1 8, 1 9,20-tetranor-5-thiaprost- 
1 3-enoic acid, 

(4) (11a, 1 5a)-9-oxo-1 1 , 1 5-dihydroxy-1 6-(3-methoxymethylphenyl)-1 7, 1 8, 1 9,20-tetranor-5-thiaprostanoic 
acid, 

(5) (11a, 15a, 13E)-9-oxo-1 1.IS-dihydroxy-ie-methyl-ie-JS-methoxymethylphenyO-I^IS.ig^O-tetranor-S-thi- 
aprost-13-enoic acid, and 

(6) (1 5a, 1 3E) -9-oxo-1 5-hydroxy-1 6-(3-methoxymethylphenyl)- 1 7, 1 8, 1 9,20-tetranor-5-thiaprost-1 3-enoic 
acid. 

13. A compound according to claim 1 , 3, 5 or 8, which is selected from 

(1 ) (1 1 a, 13E, 1 5a)-9-oxo-1 1 ,1 5-dihydroxy-1 6-(3-methoxymethylphenyl)-1 7,1 8,1 9,20-tetranor-5-thiaprost-1 3- 
enoic acid • methyl ester, 

(2) (1 1 a, 1 3E, 1 5a)-9-oxo-1 1 , 1 5-dihydroxy-1 6-(3-methoxymethylphenyl)-1 7, 1 8, 1 9,20-tetranor-5-thiaprost-1 3- 
enoic acid • ethyl ester, 

(3) (1 1 a, 1 3E, 1 5a)-9-oxo-1 1 , 1 5-dihydroxy- 1 6-(3-methoxymethylphenyl)-1 7, 1 8, 1 9,20-tetranor-5-thiaprost-1 3- 
enoic acid • n-propyl ester, 

(4) (11a, 13E, 15a)-9-oxo-1 1 ,1 5-dihydroxy- 16-(3-methoxymethylphenyl)-1 7, 18,1 9,20-tetranor-5-thiaprost-1 3- 
enoic acid • i-propyl ester, 

(5) (1 1 a, 1 3E, 1 5a)-9-oxo- 11,1 5-dihydroxy- 1 6-(3-methoxymethy lphenyl)-1 7, 1 8, 1 9,20-tetranor-5-thiaprost-1 3- 
enoic acid • n-butyl ester, 

(6) (11a, 1 3E, 1 5a)-9-oxo-1 1 ,1 5-dihydroxy- 1 6-(3-ethoxymethylphenyl)-1 7,1 8,1 9,20-tetranor-5-thiaprost-1 3- 
enoic acid • methyl ester, 

(7) (1 1a, 13E, 15a)-9-oxo-1 1,15-dihydroxy-16-(3-n-propyloxymethylphenyl)-17,18,19,20-tetranor-5-thiaprost- 
1 3-enoic acid • methyl ester, 

(8) (1 1 a, 13E, 1 5a)-9-oxo-1 1 ,1 5-dihydroxy- 1 6-(3-methoxymethylphenyl)-1 7,1 8, 1 9,20-tetranor-5-thiaprost-1 3- 
enoic acid • t-butyl ester, 

(9) (1 1a, 15a)-9-oxo-1 1.IS-dihydroxy-ie-fS-methoxymethylphenylJ-I^IS.ig^O-tetranor-S-thiaprostanoic acid 
• methyl ester 

(10) (11a, 15a, 13E)-9-oxo-11,15-dihydroxy-16-methyl-16-(3-methoxymethylphenyl)-17,18,19,20-tetranor-5- 
thiaprost-1 3-enoic acid • methyl ester, and 

(11) (1 5a, 1 3E)-9-oxo-1 5-hydroxy-1 6-(3-methoxymethylphenyl)-1 7, 1 8,1 9,20-tetranor-5-thiaprost-1 3-enoic 
acid • methyl ester. 

14. A compound according to claim 1 , 2, 6 or 8, which is selected from 

(9ft 11a, 1 3E, 1 5a)-9-chloro-1 1 , 1 5-dihydroxy-1 6-(3-methoxymethylphenyl)-1 7, 1 8, 1 9,20-tetranor-5-thiaprost- 
1 3-enoic acid, and 

(9ft 11a, 13E, 15a)-9-fluoro-1 1,15-dihydroxy-16-(3-methoxymethylphenyl)-17,18,19,20-tetranor-5-thiaprost- 
1 3-enoic acid. 

15. A compound according to claim 1 , 3, 6 or 8, which is selected from 

(9p, 11a, 13E, 15a)-9-chloro-11,15-dihydroxy-16-(3-meth^ 
1 3-enoic acid • methyl ester, and 

(90, 11a, 13E, 15a)-9-fluoro-11,15-dihydroxy-16-(3-methoxymethylphenyl)-17J8,19,20-tetranor-5-thiaprost- 
1 3-enoic acid * methyl ester. 

16. A compound according to claim 1 , 2, 5 or 1 1 , which is selected from 

(11a, 13E, 15a)-9-oxo-1 1,1 5-dihydroxy- 16-(3-methyl-4-hydroxyphenyl)- 17, 18,1 9,20-tetranor-5-thiaprost-13- 
enoic acid, and 
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enote acid' 1 ^ ^~° xo ~' ' 1 ^ 5-dihydroxy-1 6-(3-rnethyl-4-hydroxyphenyl)-i 7, 1 8, 1 9,20-tetranor-5-thiaprost- 1 3- 
17. A compound according to claim 1,3,5 or , , , which fe selected from 

^aof. m ^ 
inSa^nletn^:^ 




(II) 



(wherein, R 1 ' 1 is C1-6 alkyloxy, 




(Ia) 
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15 (wherein, all the symbols are as defined in claim 1 or 18) 

using an enzyme or under alkaline conditions to obtain a compound of the formula (lb) 



20 





30 

(wherein, all the symbols are as defined hereinbefore). 

20. A process for producing a compound of the formula (Ic) depicted hereafter which is characterized by amidation of 
a compound of the formula (lb) 

35 



40 



45 

(wherein, all the symbols are as defined in claim 1) 
so with a compound of the formula (III) 

HNR 6 R 7 (III) 
(wherein, all the symbols are as defined in claim 1) 

55 

to obtain a compound of the formula (Ic) 
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(wherein, all the symbols are as defined hereinbefore). 
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